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(57) Abstract 

A local area public telephone network is converted to a digital broadband communication network by installing inverse multiplexers 
(IM) in network nodes (CAB) in order to utilize the aggregated bandwidth from groups of twisted pair lines being equipped with means 
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Inverse multiplexing over existing telephony access lines. 

The present invention relates to a method and means for implementing broadband 
digital communication between subscribers and an exchange via an existing copper cable 

■5 network. The invention utilizes a network concept that still depends upon the same local 
area telephone cables, but has a structure and contains new network elements that increases 
its capacity sufficiently to offer real broadband access to the general public. 

One of the main obstacles on the road towards a telecommunication network able to 
offer real broadband services to the general public, is the access network. A public 

io broadband network should be able to provide at least 20 Mb/s to each subscriber. Today, 
only optical fibre cables have been looked upon as having sufficient capacity to serve such 
a network. However, the cost of establishing a new optical network covering a whole 
country, is enormous, and much effort is therefore spent to find alternative and inter- 
mediate solutions for a smooth upgrade of existing networks. One of these networks could 

15 be the local area telephone network. 

The local area telephone network consists of twisted pair cables. Each telephone 
subscriber in this network has one copper pair which connects his telephone unit to the 
telephone exchange. Originally these copper pairs were dimensioned to carry analogue 
telephone traffic with an analogue bandwidth of 3,1 kHz. With the introduction of digital 

20 telephony, ISDN, this network is being upgraded to carry 144 kb/s. However, this may be 
further improved. DSL (Digital Subscriber Line) technology is today a well known 
technology for digital transmission via copper wire (telephone cables) in the telephone 
communications field. Using the most recent technology, e.g. VDSL (Very high bitrate 
DSL) and ADSL (Asymmetrical DSL), the copper pairs are now able to carry up to 52 

25 Mb/s, but the bit rate is strongly dependent on the distance - see figure 1 . The graph 
indicates the obtainable bandwidth as a Junction of distance, when following 
recommendations from ETSI and ADSL Forum. 

Though 52 Mb/s may look impressive, it is only relevant over very short distances - 
a few hundred meters, and therefore not really interesting. At distances of 5-6 kilometres 

30 the achievable bandwidth is only in the range of 1 Mb/s, and definitely not sufficient for a 
future broadband network, that may require 20-50 Mb/s for a ordinary household, to 
support services like high quality picture telephony, TV via telephone line, Video-on- 
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Demand etc. Since one cannot expect to improve the modulation and coding technology 
much further, it is unrealistic that traditional use of DSL technology can serve as a 
technology for the future broadband network. The performance of such a technology is 
today not far from the theoretical limits for the transmission capacity of copper pairs. 
The limitation of the traditional use of DSL technology is due to the following: 

1. The local line lengths in the telephone network are too long to achieve bandwidths 
in the range of 25-50 Mb/s. 

2. Each subscriber occupies one (or more) physical copper pair all the time whether he 
uses it or not. Consequently, the line, or the unused portion of its total capacity, 
cannot be offered to other users, since each copper pair is exclusively allocated to 
the single users. This leads to a gigantic waste of bandwidth. 

This invention relates to a strategy and related technology for how to utilize the 
existing twisted pair cable network to provide broadband access to the general public. 
Following this scheme, each of today's telephone subscribers can be offered access to a 
network with near unlimited bandwidth. In the following, a range of 25-50 Mb/s is used to 
illustrate the bandwidth offered to each household, but in principle even more bandwidth 
can be offered. 

Inverse multiplexing is a well known concept within the telecommunications field. 
This technology makes it possible to combine a number of narrow-band channels or lines, 
to an aggregated broadband channel. With e.g. 5 lines, each line having a bit rate of 10 
Mb/s, inverse multiplexing of these 5 lines will provide a common transmission pipe line 
with a total bandwidth of 50 Mb/s. The users will not notice that the physical line system 
consists of 5 separate lines. Figure 2 shows a schematic illustration of the inverse 
multiplexing principle: 

The incoming traffic, sub-divided into information units, e.g. bits, bytes, cells, 
packets etc., from the left is equally distributed over the 5 lines in sequential order (round 
robin order). On the receiving (right) side the traffic is restored by reading the five lines in 
the same sequential order. Inverse multiplexing methods using current standards, demand 
that the five lines are running synchronously or plesiochronously, i.e. have synchronous or 
near synchronous bit rates. Differences in speed over time will result in bit or cell loss. If 
the bit rate of one line is different from the other line bit rates, say one line being 1 1 Mb/s 
and the others being 10 Mb/s, information will be lost. 
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Previously known inverse multiplexers are standardised by various standardising 
authorities, like e.g. ITU, ETSI, ATMF and others. A common feature of these standards 
is that they are adapted to digital channels compliant with the PDH (Plesiochronous Digital 
Hierarchy) or SDH/SONET (Synchronous Digital Hierarchy/Synchronous Optical 
NETwork) hierarchies, for instance E1/DS1 (2.048/1.544 Mb/s). Even in the case of 
inverse multiplexing over ATM as defined in ATM Forum (af-phy-0086.000), the 
recommendation only covers inverse multiplexing of ATM cells over E1/DS1 channels, 
though ATM is a rate independent transmission format. If the transmission format does 
not comply with these standards, or the lines are adapted to various standards, so that the 
transmission rate varies from line to line, standardised inverse multiplexing cannot be used. 

The previously mentioned DSL technology is a common concept for a plurality of 
new coding and modulation methods utilized in connection with the transmission of data 
via copper wire (telephone cables). One characteristic feature of some of these systems is 
that the transmission rate is automatically adapted to line length, cable characteristics and 
noise conditions. Due to this feature, parallel systems may have different transmission 
rates even when the line lengths are identical. Besides, the transmission rates do not follow 
the hierarchical steps of PDH/SDH. ADSL (Asymmetric DSL) is a variant that e.g. may 
have a performance of up to 8 Mb/s over a line length of 2-3 km. Cable line length and 
noise conditions have the effect that the actual transmission rate may have any value 
between 0 and 8 Mb/s. In order to utilize this capacity in an efficient manner, ATM is 
often used as a transmission protocol: 

ATM (Asynchronous Transfer Mode) is a technology for transmission of digital 
signals. The main principle is that the digital information is divided into small data packets 
- ATM cells. Every cell has a header containing address information regarding where the 
cell is to be sent, and other parameters informing about traffic type, quality requirements 
etc. The principle is similar to packet switching of data, e.g. as done by the IP protocol, 
but much faster because of simplified processing. ATM is expected to be a dominating 
technology in future telecommunication. 

As previously mentioned, there are no standards enabling inverse multiplexing of 
channels having different bandwidths. The inverse multiplexing can only be executed if 
the bandwidth is adapted to one of the standardised levels in the transmission hierarchy. 
As an example, if the maximum physical transmission rate is 3,9 Mb/s, a usable rate must 
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be found by lowering to the closest level in the hierarchy, that is 2,048 Mb/s. A number of 
such channels of 2,048 Mb/s can then be inverse multiplexed to form a collective and 
larger bandwidth. Inverse multiplexing of 4 such channels will result in 8,192 Mb/s, while 
theoretically it would be 4 x 3,9 = 1 5,6 Mb/s. 

Thus, the present invention has been conceived in order to solve the problem of 
providing high bit rate communication to subscribers via an existing copper wire/cable 
system. 

In accordance with a first aspect of the invention, there is provided a method for 
implementing digital broadband communications between subscribers and an exchange via * 
a telecommunication network based upon an older existing telephone network having 
cables containing twisted copper wire pairs and having node means each connecting a 
higher level cable to a number of next lower level cables, or to a number of single 
subscriber twisted pairs (lowest level).. The method is characterised in that at least some 
twisted pairs in a cable are used as a common communication channel for subscribers 
connected to that cable, utilising an aggregated bandwidth for said at least some twisted 
pairs in the cable. 

In accordance with a second aspect of the invention, there is provided a digital 
broadband communication network between subscribers and an exchange, said network 
being based upon an older existing telephone network and comprising cables containing 
twisted copper wire pairs, possibly with different bandwidths, and further comprising node 
means each interconnecting a higher level cable and a number of next lower level cables, or 
a number of single subscriber twisted pairs (lowest level). The network of the invention is 
characterised in that between said exchange and the top level node means, and between 
node means in successive levels, at least some twisted pairs in a cable constitute a common 
communication channel for every subscriber connected to that cable, by means of node 
means equipment for utilizing bandwidth that is an aggregate of the separate bandwidths 
for each respective one of said at least some pairs in the cable. 

In accordance with a third aspect of the invention, there is provided a digital 
broadband communication network node for upgrading an existing telephone network 
between subscribers and an exchange, said network comprising cables containing twisted 
copper wire pairs possibly having different bit rates. The node of the invention is 
characterized in that it comprises 
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an inverse multiplexer means for distributing traffic between at least some twisted 
pair lines in a cable toward a higher level node, to utilize aggregated bandwidth for the 
collection of said at least some lines, 

a concentrator means including a statistical multiplexer means for allowing the use 
of one common wideband communication channel by providing one multiplexed data 
stream, and 

possibly further inverse multiplexer means for distributing traffic between at least 
some twisted pair lines in cables toward other nodes, to utilize aggregated bandwidths for 
the collections of lines. 

A fourth aspect of the invention consists in a use of an inverse multiplexing means 
for distributing an incoming stream of consecutive data between a number of parallel 
outgoing communication lines in a cable in a digital communication network, thereby to 
aggregate bandwidth from said parallel lines. The inventive use is in a node in an existing 
local area telephone network based on cables containing multiple twisted copper pair lines, 
where the lines connected to said inverse multiplexing means possibly have different bit 
transmission rates. 

Thus, the invention describes a network architecture where all copper pairs can be 
used as a common pool of bandwidth, accessible to all subscribers. Inverse multiplexing 
(IM) is used to aggregate the bandwidth from a number of lines, to form a large bandwidth 
equal to the sum of each separate line. ATM is used as the transmission format to enable 
easy statistical multiplexing. 

In the following, the invention will be described in closer detail by means of 
embodiment examples, and with reference to the appended drawings, where 

fig. 1 shows bandwidth as a function of line length for ADSL and VDSL modems, 

fig. 2 explains the general principle of inverse multiplexing, 

fig. 3 shows the conversion of an existing telephone network to a broadband 
network by implementing the present invention, 

fig. 4 shows schematically inverse multiplexing of ATM cells onto lines having 
different transfer bit rates, in accordance with an embodiment of the invention, 

fig. 5 shows a form of ATM inverse multiplexing in accordance with another 
embodiment of the invention, 

fig. 6 shows a scheme for cascade coupling of inverse multiplex systems, 
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fig. 7 shows a method of inverse multiplexing in accordance with yet another 
embodiment of the invention, and 

fig. 8 shows a network node containing an inverse multiplexer that is used in 
accordance with the invention. 

As stated above, the present invention relies on a network concept based upon the 
use of an existing local area telephone network, where the old telephone cables are 
integrated into the new access network in such a way that the aggregated bandwidth from 
many twisted pairs can be utilized as a common capacity for the subscribers. Furthermore, 
inverse multiplexing of multiple DSL systems running at different speeds is used to 
aggregate bandwidth that can be used between network nodes. 

Various inverse multiplexing methods can be applied, and such methods will be 
investigated herebelow. 

However, first it is opportune to look into the general manner of converting the old 
existing local telephone network into a broadband network, with reference to fig. 3: 

The upper part of fig. 3 shows the main structure of the local telephone network. 
Each telephone unit is connected to a copper pair, which is crossconnected through street 
cabinets (CAB) and to the local telephone exchange (LEX). 

The lower part of fig. 3 shows the principle structure of the upgraded network. 
Combined inverse multiplexers and concentrators (IM + CON) are installed at the locations 
of the street cabinets to constitute new network nodes. The IMs transform a number of 
copper pairs (with limited bandwidth) into a huge, combined communication capacity, 
which can be utilizedd as a common resource for all the users. The CONs perform the 
concentrator function, i.e. they perform the statistical multiplexer function needed to allow 
a number of users to share a common resource. 

Compared to the old network, the new one is radically improved. As mentioned 
above, the old network can hardly offer broadband capacity - only in the range of 0,5 - 8 
Mb/s. The new network will be able to offer more or less unlimited "bandwidth on 
demand" to each household. The bandwidth is only restricted by the length of the last 
section (from the closest node to the subscriber), i.e. a length of a few hundred meters, over 
which 25 - 50 Mb/s can be offered when using standard VDSL technology. For those who 
need more than 25 - 50 Mb/s, optical fibres can be used on this section, thus enabling 
unlimited bandwidth access. 
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Since one twisted pair performs differently from another due to noise, cross talk and 
imperfect cable characteristics, it is important to introduce inverse multiplexing methods 
that are able to cope with lines running at different speed. Two general methods meeting 
this requirement shall be described herebelow. They are called: 

a) Inverse Multiplexing of ATM over DSL by use of Sequence Numbering 

b) Deterministic Inverse Multiplexing over DSL 

a) Inverse Multiplexing of ATM over DSL by use of Sequence Numbering 

al ) With reference first to fig. 4, a first example is given of an efficient manner 
regarding inverse multiplexing of line systems having different transmission bit rates: 

This method is based on sequence numbering. A sequence number is added to each 
respective incoming data cell from the left, and thereafter the data cell is transmitted via the 
line giving the shortest transfer time at the actual time. A sequence number is transmitted 
either as a "tag" that is added to a standard data packet (ATM cell), or by utilising any 
"free" field in the packet header. The use of sequence numbering can be regarded as 
inherent in the system, and therefore adding a tag to a standard ATM cell will not create 
any compatibility problem. 

In the receiving end the sequence numbering is checked, and if the cells arrive in an 
order that is incorrect, they are stored intermediately (buffered) in order to reestablish the 
correct order. In the. example shown in fig. 4, there is an indication that cells numbers 2 
and 3 arrive earlier than cell number 1, which means that delay is introduced in the system. 
Inverse multiplexed systems following this scheme, are exposed to delay and cell delay 
variation (CDV) when the included lines are running at different speed, due to the different 
cell transfer times. One ATM cell transferred at 10 Mb/s takes about 0,042 ms, while the 
transfer time at 1 Mb/s is about 0,42 ms. Consequently, by including one low speed line (1 
Mb/s) among other high speed lines (10 Mb/s), one introduces CDV with peak values at 
about 0,42 ms. 

Delay and CDV are limiting factors in this kind of inverse multiplexed systems. A 
number of telecommunication services pose strict requirements regarding delay and CDV, 
while others do not. Telephony is one of the time critical services that pose strong 
requirements to delay and CDV. A common notation for these time critical services is 'real 
time services'. Conventional data services are among those which are non-critical in.this 
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regard, and are called 'non-real time services'. Both in ITU and ATM Forum, a number of 
such service classes are defined. Some of these classes can strictly be characterised as real 
time services, while others fall into the category of non-real time services. Others again are 
a mixture, for instance those which are sensitive to CDV. but not to delay, and vice versa. 

a2) To solve the problem of CDV, the inverse multiplexing method can be modified as 
shown in Figure 5. Following this method, the incoming traffic is sorted into two groups, 
one for real time services and another for non-real time services. Each of them are given 
separate sequence number series. The real time traffic, with its own sequence numbering, is 
transmitted over a group of high performance lines having high bandwidth and more or less 
equal transfer rates. At the receiver end the real time traffic will be received and stored into 
a separate receiver buffer before being further transmitted onto the common line. 

Real time traffic treated as described above, will not be exposed to CDV. The 
inverse multiplexer is in this way able to meet the requirement posed by this type of traffic, 
but on the cost of increased complexity of the equipment. 

Non-real time traffic is not sensitive to CDV, and may be transmitted over any 
included line of the inverse multiplexer - also over lines reserved for the real time traffic. 
In the latter case real time traffic will always have priority over non-real time traffic. 
Consequently it will only happen when the real time traffic does not use the available 
bandwidth of the reserved lines. ■ 

In principle this inverse multiplexer scheme can be further optimised by sub- 
dividing the traffic into more classes, and by treating each class separately. To meet the 
various requirements of the different traffic classes, line groups that match their require- 
ments are allocated to them. 

Inverse multiplexing following the methods of sequence numbering of cells (or 
packets) is exposed to a certain degree of transfer delay. This is due to the processing of 
complete cells. An ATM cell consists of 424 bits, and the transfer time of one cell is 
therefore 424 times longer than the transfer of one bit. Storing cells into buffers may 
therefore create unacceptable delay in the system. The method explained under b) 
Deterministic Inverse Multiplexsing over DSL intends to solve the problem of delay. 
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b) Deterministic Inverse Multiplexing over DSL 

Fig. 7 shows the principle of DIM-DSL. As an example, the three physical lines 
included in the inverse multiplexer may carry respectively 4, 2 and 3 Mb/s. The incoming 
bits (bytes or cells) are then distributed to the three lines in a fixed relation that fits the 
speed of each line. In the example shown, it is possible to transfer 4 bits over the upper 
line, 2 bits over the second line and 3 bits over the lower line during the same period of 
time (T). 

The exact frequency relationship between the transfer rates of the three lines is 
assured by a common master oscillator on the transmitting side (left side) of the system. 

At the receiving side (right side) the bits (bytes or cells) are received in the same 
sequence order, i.e. during the same period T, 4 bits are received from the upper line, 2 
from the second line and 3 from the lower line, and stored in a receiver buffer. The 
aggregated bandwidth of the three lines are 9 Mb/s, and the three buffers are emptied 
during the following time interval T, i.e. 4 bits are first read from the upper line buffer and 
transmitted, then 2 and 3 bits from the two remaining lines. 

Since the receiver does not know when to start time interval T, there must be a 
mechanism that takes care of synchronizing the receiver to the received signals. When the 
signal has an ATM format, one can use standard ATM cell detection schemes, i.e. HEC 
(Header Error Correction) detection. HEC is byte number 5 of the five bytes in the ATM 
header that contains a control byte for the ATM header. When the received HEC byte does 
not comply with the HEC calculation of the 4 remaining header bytes, the cell is not 
accepted. The HEC calculation is used to detect the start of ATM cells. 

The HEC detection mechanism can be extended to also include the above 
synchronisation of the receiver. When starting the receiver at random time, the receiver and 
transmitter will be phase shifted. This means for example (figure 7) that instead of reading 
bit 1, 2, 3 and 4 from period T of the upper line, it may read bit 3 and 4 from time period T 
followed by bit 1 and 2 in the consecutive period T. Since the 4 bits in this way will be 
received out of order, the HEC calculation will be wrong. The synchronisation algorithm 
then responds by shifting T a certain interval followed by a new attempt of re-calculation. 
This procedure continues until the transmitter and receiver run synchronously, and data is 
received correctly. 
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Deterministic inverse multiplexing will most probably not be cell-based because it 
creates too much delay. The best performance will be achieved when distributing groups of 
bits to each included line relative to their bit rates. As mentioned before, doing the same 
with cells would create 424 times more delay. 

The new network concept requests network nodes that integrate switching and 
inverse multiplexing in an efficient way. Such equipment is not yet commercially 
available. A block diagram illustration of an embodiment of a network node containing an 
inverse multiplexer to be used in accordance with the invention, is shown in fig. 8. Such a 
network node is able to switch digital information in both directions between multiple 
groups of subscriber lines carrying inverse multiplexed traffic and between such inverse 
multiplexed systems and individual digital subscriber lines. Further, the node, when 
intermediate between inverse multiplexed systems, will not reassemble inverse multiplexed 
traffic that follows the method of sequence numbering. The reassembling only needs to be 
done at the "outer boarder of the inverse multiplexer system", i.e. on the interface towards 
other equipment such as ATM switches, subscriber modems, etc. By avoiding multiple 
reassembling, delay and CDV will decrease, and equipment cost will be lower. 

Since Deterministic Inverse Multiplexing most probably will be bit-oriented it will 
behave as an end-to-end transmission system, and there will only be minor advantages to 
be gained by integrating this type of inverse multiplexing into the other functions of the 
node. 

Figure 8 shows a schematic description of a network node. The node consists of an 
inverse multiplexer towards the LEX-side, and two towards other nodes in the network. 
Subscribers located near the node are connected to the node with subscriber modems, for 
instance VDSL modems. The central point of the node is a statistical multiplexer that 
multiplexes/demultiplexes all traffic to and from subscribers and other nodes in the 
network and into the inverse multiplexer going further into the network. 

To summarize, the present invention relates to a network concept based upon the 
existing local area telephone network where the old telephone cables are integrated into the 
access network in such a way that the aggregated bandwidth from all the twisted pairs can 
be utilized as a common capacity for the subscribers. The local area telephone network is 
sub-divided into small geographical cells, each geographical cell containing functions 
performing statistical multiplexing and interfacing towards other cells and end-users. 
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Multiple twisted pairs serve as transmission links between the nodes. Advanced coding 
and modulation technology, for instance similar technology as the one used for ADSL, 
VDSL etc., is used to derive the highest possible bandwidth from each twisted pair, and the 
obtained bandwidth from any single line may differ from the bandwidth of another line. 

Though inverse multiplexing of ADSL is known, standards do still not exist 
regarding how to implement a multiplexing algorithm on such equipment. ADSL and 
VDSL modems have originally been developed to increase the bandwidth to individual 
subscribers, and so is the case with the known approaches to inverse multiplexing of 
ADSL. Use of DSL technology in combination with inverse multiplexing to establish a 
new broadband network structure is unknown from publications of any kind. 

In the network concept in accordance with the invention, inverse multiplexing of 
DSLs is used to form a large bandwidth between new established nodes in the network. 
DSL technology and inverse multiplexing in network elements are used to serve the above 
network concept. Various methods of inverse multiplexing are used to aggregate 
bandwidth from each single line to form a large common accessible bandwidth. 

' In one embodiment, the digital information is distributed all over the inverse 
multiplexed lines in the same ratio as determined by the bit rates of the included lines, and 
reassembled at the receiver end following the same algorithms. A common master 
oscillator is used, to ensure exact and stable phase relationship between the lines. 

In another embodiment, the digital information is sequence numbered and sent to 
the digital subscriber line that at the particular instant has the shortest transmission delay 
within the group to be inverse multiplexed, and reassembled at the receiver end. Sequence 
numbers are attached to the information packet, or within the packet in cases where such 
fields are available. 



WO 99/39468 



PCT/NO99/00024 



12 

CLAIMS 

1 . A method for implementing digital broadband communications between subscribers 
and an exchange via a telecommunication network based upon an older existing telephone 
network having cables containing twisted copper wire pairs and having node means each 
connecting a higher level cable to a number of next lower level cables, or to a number of 
single subscriber twisted pairs (lowest level), 

characterized in that at least some twisted pairs in a cable are used as a common 
communication channel for subscribers connected to that cable, utilizing an aggregated 
bandwidth for said at least some twisted pairs in the cable. 

2. The method of claim 1, 

characterized in that the largest possible bandwidth is provided for each single 
twisted pair in use in every cable by utilization of advanced coding and modulation 
equipment in the node means and exchange, e.g. of the type as standardised and described 
for ADSL, VDSL, HDSL or similar modems. 

3. The method of claim 1 or 2, 

characterized in that signals are inverse multiplexed before entry into a cable. 

4. The method of claim 3, 

characterized in that incoming data cells are sequence numbered in a node means 
and transmitted to the twisted pair that at the actual moment has the shortest transmission 
delay, and re-ordered in a receiving node means according to sequence number. 

5. The method of claim 4, 

characterized in that sequence numbering is performed in series allocated to 
further specified groups of cell streams. 
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6. The method of claim 5, 

characterized in that sequence numbering is performed in series allocated to 
groups of traffic defined by performance requirements they pose to said node means. 

7. The method of claim 5, 

characterized in that sequence numbering is performed in series allocated to the 
total traffic entering said node means. 

8. The method of claim 3, 

characterized in that incoming traffic in suitable units, is distributed sequentially 
between the twisted pair lines in use in the cable in the same exact ratio as determined by 
the bit rates determined for the included lines, the cell stream being re-established in a 
receiving node means by sequential reading of the same fixed number of units as sent into 
each line. 

9. A digital broadband communication network between subscribers and an exchange, 
said network being based upon an older existing telephone network and comprising cables 
containing twisted copper wire pairs, possibly with different bandwidths, and further 
comprising node means each interconnecting a higher level cable and a number of next 
lower level cables, or a number of single subscriber twisted pairs (lowest level), 
characterized in that between said exchange and the top level node means, and 
between node means in successive levels, at least some twisted pairs in a cable constitute a 
common communication channel for every subscriber connected to that cable, by means of 
node means equipment for utilizing bandwidth that is an aggregate of the separate 
bandwidths for each respective one of said at least some pairs in the cable. 

1 0. The network of claim 9, 

characterized in that said node means equipment is adapted to perform statistical 
multiplexing and interfacing between the various levels. 
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11. The network of claim 9. 

characterized in that said node means equipment is adapted to inverse multiplex 
signals entering a cable. 

1 2. The network of claim 1 1 , 

characterized in that said node means comprise means for sequence numbering of 
data cells and means for selecting an appropriate twisted pair within a predefined group in 
a cable, for transmission of a sequence numbered data cell, as well as means for re-ordering 
data cells received via a cable in accordance with the sequence numbering. 

13. The network of claim 12, 

characterized in that said sequence numbering means are adapted to perform 
sequence numbering in series allocated to further specified groups of cell streams. 

14. The network of claim 13, 

characterized in that said sequence numbering means are adapted to perform 
sequence numbering in series allocated to groups of traffic defined by performance 
requirements posed by said groups to said node means. 

15. The network of claim 13, 

characterized in that said sequence numbering means are adapted to perform 
sequence numbering in series allocated to the total traffic entering a node means. 

1 6. The network of claim 1 1 , 

characterized in that a node means comprises means for sequential distribution of 
incoming traffic by suitable data units, between the twisted pair lines in use in the cable in 
the same exact ratio as determined by the bit rates determined for the included lines, and 
that a receiving node means comprises means for re-establishing said traffic by sequential 
reading of the same fixed number of data units as sent into each line. 
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1 7. A digital broadband communication network node for upgrading an existing 
telephone network between subscribers and an exchange, said network comprising cables 
containing twisted copper wire pairs, and means for deriving maximum and possibly 
various bit rates from each pair, 

characterized in that it comprises 

an inverse multiplexer means for distributing traffic between at least some twisted 
pair lines in a cable toward a higher level node, to utilize aggregated bandwidth for. the 
collection of said at least some lines, 

a statistical multiplexer means for allowing a number of communication channels to 
share one common wideband channel, and 

possibly further inverse multiplexer means for distributing traffic between at least 
some twisted pair lines in cables toward other nodes, to utilize aggregated bandwidths for 
the collections of lines. 

1 8. Use of an inverse multiplexing means for distributing an incoming stream of 
consecutive data between a number of parallel outgoing communication lines in a cable in 
a digital communication network, thereby to aggregate bandwidth from said parallel lines, 
in a node in an existing local area telephone network based on cables containing multiple 
twisted copper pair lines, the lines connected to said inverse multiplexing means possibly 
having different bit transmission rates. 

19. Use of an inverse multiplexing means as stated in claim 1 8, wherein said node is 
equipped with means deriving maximum bandwidth from each line. 
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